Abstract The genus Herichthys is widely considered to be the monophyletic representative of Cichlidae in northeastern Mexico and southern Texas. It is also the northernmost distributed genus of Neotropical Cichlids. Its distribution stretches over an area that is characterized by an intricate geologic and climatic history that affected its temporal and spatial diversification north of the TransMexican Volcanic-Belt. We access the evolutionary history of the genus Herichthys based on a phylogenetic reconstruction using a mitochondrial fragment of gene Cox1. We evaluate its morphological variation, its correspondence with molecular differentiation and suggest a biogeographical scenario based on a molecular clock and demographic history. Furthermore, we describe Nosferatu new genus, composed of Nosferatu pame (assigned as type species), N. molango, N. pratinus, N. bartoni, N. labridens, N. pantostictus, and N. steindachneri. Genus is characterized by a transition to prolongation in the size of the symphysial pair of teeth relative to that of the other teeth in the outer row of the upper jaw; breeding pigmentation that consists of darkening of ventral area extending over nostrils, opercular series, or pectoral fins; depressed dorsal fin rarely expands beyond anterior third of caudal fin; and an elongated, elastic, smooth caecum adhered to a saccular stomach. We also describe Herichthys tepehua n. sp. found in the Pantepec, Cazones, Tenixtepec, Tecolutla, and Solteros rivers, in Veracruz, Mexico. Moreover, we provide re-descriptions for some of the species in Herichthys and propose a biogeographic hypothesis for both genera, based on available information on the geological and climate history of the area of study, associated to dating retrieved in our phylogenetic analysis.
Introduction
The tribe Heroini forms the second largest monophyletic group of Neotropical cichlids, with distributions ranging from the province of Buenos Aires in Argentina, South America to the Rio Grande Basin in North America (Kullander, 1998; Concheiro-Pérez et al., 2006; De la Maza-Benignos & Lozano-Vilano, 2013) . This tribe includes the Herichthyines, which are represented by the genera Paraneetroplus and Vieja as reviewed by McMahan et al. (2010) , Herichthys, Herotilapia, Paratheraps, Theraps, Tomocichla, and Thorichthys, together with other ''unnamed genera '' (Concheiro-Pérez et al., 2006; Ř íčan et al., 2008 , 2012 De la Maza-Benignos & Lozano-Vilano, 2013) .
During the last two decades, significant progress in molecular phylogenetic studies of the Neotropical Cichlids has been made (e.g., Roe et al., 1997; Martin & Bermingham, 1998; Farias et al., 1999 Farias et al., , 2000 Farias et al., , 2001 Sides & Lydeard, 2000; Hulsey et al., 2004; López-Fernández et al., 2005a, b; Concheiro-Pérez et al., 2006 ; Chakrabarty, 2007; Musilová et al., 2008; Ř íčan et al., 2008 , 2012 López-Fernández et al., 2010) ; still, their intrageneric relationships remain only partially understood. Studies with few exceptions (e.g., Schmitter-Soto, 2007; Kullander et al., 2010; McMahan et al., 2010) have largely addressed intergeneric relationships and evolutionary history at higher taxonomic levels.
Some of the factors that have so far hindered both phylogenetic and morphological analysis at the intrageneric level include high taxon diversity, wide distribution ranges, phenotypic plasticity, and morphological homoplasies, as well as low morphometric variation and absence of genetic resolution across some of the taxa that ''make character sets inadequate for revealing relationships'' (Martin & Bermingham, 1998; López-Fernández et al., 2010; De la MazaBenignos & Lozano-Vilano, 2013) .
The genus Herichthys is widely considered as the monophyletic representative of Cichlidae in northeastern Mexico and southern Texas (Hulsey et al., 2004; Concheiro-Pérez et al., 2006; Ř íčan et al., 2008; De la Maza-Benignos & Lozano-Vilano, 2013) . It is also the northernmost distributed genus of Neotropical Cichlids.
Herichthys are found from the lower tributaries of the Rio Grande, excluding the Rio Conchos Basin in Chihuahua, to the Misantla River Basin in Veracruz, Mexico (De la Maza-Benignos & Lozano-Vilano, 2013) , along the structural Burgos and TampicoMisantla basins, over an area that is characterized by an intricate geologic (Byerly, 1991; Ferrari et al., 1999) and climatic history (Metcalfe et al., 2000; Ravelo et al., 2004; Metcalfe, 2006) . Its distribution range also corresponds to the inland portion of the Eastern Mexico Continental Shelf and Slope Geological Province, which extends from 26°to 20°N (Antoine, 1972) and whose southernmost land point is known as Punta del Morro (PDM). PDM in turn is the easternmost extension where the Trans-Mexican Volcanic-Belt (TMVB) meets the Gulf of Mexico (Contreras-Balderas et al., 1996) . The origin of the TMVB is related to Neogene subduction of the Cocos and Rivera plates beneath the southwestern margin of the North American plate on the Pacific coast (Avto et al., 2007) .
Climate change in the last 4 million years includes the end of the warm period (Ravelo et al., 2004) , with higher winter precipitation, cooler and wetter conditions than today, during the Pleistocene, and early Holocene in northern Mexico (Metcalfe et al., 2000; Metcalfe, 2006) . In this paper, we propose that both neo-volcanism and climate change played major roles in the temporal and spatial diversification of the cichlid fishes found north of PDM.
In a previous taxonomic hypothesis, De la MazaBenignos & Lozano-Vilano (2013) suggested the separation of Herichthys into two distinct groups, the ''labridens assemblage'' (described herein as Nosferatu new genus) and the ''cyanoguttatus assemblage'' (herein referred to as true Herichthys). The separation is congruent with phylogenetic hypothesis developed by Hulsey et al. (2004) , Concheiro-Pérez et al. (2006) , and López-Fernández et al. (2010) .
The aim of this study was to review the evolutionary history of the genus Herichthys by accessing its phylogenetic relationships, as well as temporal and biogeographic patterns. To achieve this goal, we characterized its morphological variations as well as its molecular structure using the mitochondrial gene, Cox1. We reviewed the taxonomy of the group, described a new genus, described a new species, and re-described some of the species of Herichthys. Moreover, we propose a biogeographic hypothesis for the group.
Methods
Specimens examined in the present study were collected throughout the historical range of Herichthys (Kullander, 2003; Miller et al., 2005; De la MazaBenignos & Lozano-Vilano, 2013) (Fig. 1 ) by angling and cast nets, and include representatives of all the nominal species that have been assigned to the genus Herichthys at various times.
Samples were limited to 20 individuals per locality for each sampling event. Coordinates for the localities are given in decimal degrees. This sample size was based on the current conservation status of the species as determined by NOM-059 (SEMARNAT, 2010) . The collected specimens were fixed in 10% formalin, then transferred to 50% isopropanol, and finally deposited in the Colección Ictiológica de la Facultad de Ciencias Biológicas de la Universidad Autónoma de Nuevo León (UANL). Tissue samples were taken from pectoral fin clips. Fin clips were preserved in 95% ethanol and deposited in the Museo Nacional de Ciencias Naturales of Madrid, Spain (MNCN).
Morphometry and meristics
Thirteen counts and 42 standard body measurements were obtained from 279 mature representatives of all the known nominal species assigned to Herichthys (Kullander, 2003) , except H. minckleyi, plus 95 mature specimens of Nosferatu new genus (7 species), except N. steindachneri and N. bartoni, as interpreted by De la Maza-Benignos & Lozano-Vilano (2013) (Supplementary Material 1) . Measurements (in millimeters) in the diagnosis and descriptions are expressed as percent of the standard length (SL) or head length (HL) (Á lvarez, 1970; Taylor & Miller, 1983) . Three specimens of each population, except for N. steindachneri (1); N. bartoni (1 pharyngeal plate), and H. minckleyi (0), were dissected to remove the digestive tracts and lower pharyngeal plates. The number of teeth along the posterior margin and median axis of the occlusal surface was counted. Counts followed the criteria of Taylor & Miller (1983) , Snoeks (1994) , and Chakrabarty (2007) . Data on ecology and distribution were collected during our field observations and collection trips (2005) (2006) (2007) .
Principal components analysis (PCA) followed by discriminant function analysis (DFA) were performed on the morphometric dataset using the software StatistiXL vers. 1.7. Measurements were subject to standardization in order to remove the allometry by effect of size using the equation
b , where M s is the standardized measurement, M o is the measured character length (mm), L s is the overall (arithmetic) mean standard component (SL or HL) for all individuals from all populations of each taxon, L o is the standard component of specimen, and ''b'' for each character was estimated using the non-linear equation, M = aÁL b as the slope of the regression of log M o on log L o (Elliott et al., 1995; Ruiz-Campos et al., 2003) . In addition, we examined (a) the morphology of observable characters (i.e., dentition of the oral jaws and pharyngeal plate, body contour, and fins shapes, among others); (b) breeding pigmentation [as observed by Kullander (1996) ]; (c) anatomy of the digestive tract, and (d) ecology.
DNA extraction, PCR amplification, and sequencing Genomic DNA was isolated from fin clips using standard proteinase K and phenol/chloroform extraction methods (Sambrook et al., 1989 ) and stored at 4°C. The DNA from 62 fish, representing all sampling sites (Table 1 of Supplementary Material 2) , was amplified for the cytochrome c oxidase subunit I gene (Cox1, 585 bp) via polymerase chain reaction (PCR). The primers used for Cox1 were FISHF1-F 5 0 TCAAC CAACCACAAAGACATTGGCAC and FISHR1-R 3 0 TAGACTTCTGGGTGGCCAAAGAATCA (Ward et al., 2005) . The amplification process was conducted under the following temperature conditions: 95°C (5 min), 35 cycles at 94°C (45 s), 54°C (1 min), 72°C (90 s), and 72°C (5 min). PCRs were performed in 10-ll reactions containing 0.4 mM of each primer, 0.2 mM of each dNTP, 2 mM MgCl 2 , 1 unit of Taq DNA polymerase (Invitrogen), and 10 ng of template DNA. PCR products were run on 1.0% agarose gels to confirm amplification and purified with the EXOSAP-IT PCR Product Clean-Up (Usb) kit. Both strands were sequenced on an ABI PRISM 3700 DNA automated sequencer (Applied Biosystems).
Data analysis
Chromatograms and alignments were visually checked and verified in MEGA5 (Tamura et al., 2011) . All our phylogenetic inferences were carried Hydrobiologia (2015) 748:201-231 203 out with the Cox1 data fragment, using a separate bestfit model for each codon position by gene. The evolutionary model of nucleotide substitution was estimated using an Akaike's corrected information criterion (AICc) and a Bayesian information criterion (BIC), as implemented in the program jModeltest (Posada, 2008) .
Haplotypes from the complete dataset composed of 149 individuals, including 146 ingroup individuals (69 from this study ? 77 sequences from GenBank) and 9 outgroup sequences from GenBank were estimated using DnaSP 5.0 (Librado & Rozas, 2009 ). The haplotypes were constructed excluding sites with missing data for a total of 352 bp. A median joining network illustrating haplotype frequencies was generated using NETWORK v 4.5.1.6 (Bandelt et al., 1999) .
A phylogenetic hypothesis was constructed under maximum likelihood (ML) and implemented with RAXML, which uses a rapid hill-climbing algorithm (Stamatakis, 2006) . The program performs a heuristic search with a general time-reversible (GTR) model that allows data partitioning and produces likelihood values using GTRCAT; a GTR approximation with optimization of individual per-site substitution rates and classification of those individual rates into a certain number of rate categories. To reconstruct the ML tree, we selected GTRMIX as a nucleotide substitution model that makes RAXML perform a tree inference (search for a good topology) under the GTRCAT model. When the analysis was completed in the GTRMIX model, RAXML switched to GTRGAMMA, and evaluated the final tree topology that yielded stable likelihood values. We set three codon partitions within Cox1 gene, performed 100 inferences in each analysis, and found the best ML tree by comparing final likelihoods among them. To evaluate the robustness of the internal branches of the ML tree, 100 bootstrap replications for the dataset were calculated.
The Bayesian inference (BI) was carried out using MrBayes version 3.1.2 (Huelsenbeck & Ronquist, 2001 ) using the best-fit model in BIC by codon partition. The BI runs were performed using eight Markov chain Monte Carlo (MCMC), 10 million generations, sampling every thousands of steps. The first 1,000 trees were discarded as burn-in. We used the program Tracer v1. 4 to assess run convergence and determine burn-in.
Divergence times among the main mitochondrial lineages were estimated using a Bayesian-coalescence approach as implemented in BEAST 1.6.1 . For the analysis, we considered the mtDNA gene (Cox1) and used the matrix of 31 haplotypes and 585 bp (Table 2 of  Supplementary Material 2) . We applied an uncorrelated lognormal-relaxed molecular clock, using the SRD06 model of nucleotide substitution partitioning the nucleotide data by codon position and allowing third codon positions to differ from the other two in transition bias, substitution rate, and shape of the gamma distribution of rate heterogeneity (Shapiro et al., 2006) . Due to the absence of fossil records or geological data, the age estimates were calibrated using an uniform prior distribution for the mean rate parameter, with a mean mutation rate of 0.8%/Mya and lower and upper values of 0.5-1.2%/Mya with a lower and upper values of 0.5-1.2% per million years based on what has been reported in other freshwater fish fauna for mitochondrial loci (Murphy et al., 1999; Mateos et al., 2002; Perdices et al., 2002 Perdices et al., , 2005 Doadrio & Dominguez, 2004; Concheiro-Pérez et al., 2006; Hrbek et al., 2007; Ornelas-García et al., 2008) .
A MCMC test was run for 30 million generations to optimize the scale factors of the priori function. The final MCMC chain was run twice for 20 million generations sampled every 2,000 generations. We checked for burn-in, convergence, and stationarity of the different analyses in Tracer 1.5. Measures of effective sample sizes (ESS) were used to determine the statistical significance of each parameter, where in most cases, it was determined to be higher than 200. Finally, we used the combined results in the BEAST module Log Combiner 1.6.1 after burn-in.
Historical demography
Patterns of historical demography were inferred from estimates of the effective population size over time using the Bayesian Skyline Plot (BSP) method, as implemented in BEAST v. 1.5.4 . This method estimates a distribution of effective population sizes through time via MCMC procedures, by moving backward until the time of the most recent common ancestor is reached. We applied ten grouped coalescent intervals (m), and priors for the phylogenetic model. We used the HKY ? C model rate heterogeneity across all branches, partitioning by codon positions, separating third from first and second positions, assuming a strict molecular clock, and using an uniform rate with an initial value of 0.8% mutation rate per My, with lower and upper intervals of 0.5-1.2%, respectively Concheiro-Pérez et al., 2006; Ornelas-García et al., 2008) . Markov chains were run for 10 million generations and were sampled every 1,000 generations, with 10% of the initial samples discarded as burn-in.
Results

Morphological analysis
In the pooled PC analysis of 42 standardized morphometric variables obtained of 279 specimens of true Herichthys, plus 95 specimens of Nosferatu new genus excluding N. bartoni, N. steindachneri, and H. minckleyi, the plot of scores on PC1 against PC2 (which explains 44.34% of the total variation in shape among the specimens) provided good separation between the two clusters of points, each corresponding to specimens of Herichthys and of Nosferatu new genus ( Fig. 2 ; Supplementary Material 1). Pelvic fin base, pectoral fin base, body depth, and HL were the variables that most contributed to the variance in PC1. Jaw length, distance from dorsal fin origin to anal fin origin, distance from anal fin origin to hypural base, and anal fin base most contributed to the variance in PC2 (Table 1) . Furthermore DFA of the morphometric database correctly classified 99% of Herichthys and 100% of Nosferatu new genus (Table 2) , clearly supporting the morphological separation of the two.
In the pooled PC analysis of the standardized morphometric dataset of H. cyanoguttatus, H. teporatus, and H. carpintis, the plot of scores on PC1 against PC2 (which explains 41.21% of the total variation in shape among the specimens) provided rough separation between H. cyanoguttatus and H. carpintis, but H. teporatus overlapped with both species (Fig. 3) . Snout width, distance from dorsal fin origin to anal fin origin, distance from rostral tip to anal fin origin, and predorsal distance were the variables that most contributed to the variance in PC1. Interorbital width, snout length, distance from rostral tip to pectoral fin origin and body depth most contributed to the variance in PC2 (Table 3 ).
In the pooled PC analysis of the standardized morphometric dataset of H. carpintis, H. tepehua n. sp., and H. deppii, the plot of scores on PC1 against PC2 (which explains 47.88% of the total variation in shape among the specimens) provided good separation between H. carpintis and H. deppii, but H. tepehua n. sp. formed a cluster that overlapped with the other two (Fig. 4) . Distance from rostral tip to anal fin origin, eye diameter, distance from dorsal fin origin to anal fin origin, and cheek depth were the variables that most contributed to the variance in PC1. Body depth, distance from rostral tip to pectoral fin origin, anal fin base, and distance from anal fin origin to hypural base most contributed to the variance in PC2 (Table 4) .
Further, DFA for the pooled morphometric database of H. deppii, H. tepehua n. sp., H. carpintis, H. tamasopoensis, H. teporatus, and H. cyanoguttatus provided good separation between H. deppii and H. tepehua n. sp., placing them phenetically closer to each other in the upper-right quadrant of the discriminant plot, and more distant from H. carpintis and H. tamasopoensis (grouped separate in the left quadrants of the discriminant plot) and from H. cyanoguttatus and H. teporatus (grouped separate in the lower quadrants of the discriminant plot) (Fig. 5) .
Morphological results also supported the separation of true Herichthys into three distinct geomorphological groups: the solid-colored Herichthys found south of Sierra Tantima (i.e., H. deppii and H. tepehua n. sp.); the iridescent pearl marked Herichthys found in the Pánuco Basin (i.e., H. carpintis and H. tamasopoensis); and the iridescent pearl marked Herichthys found north of Sierra de Tamaulipas (i.e., H. teporatus and H. cyanoguttatus) (Fig. 5 ). (Table 5 ) between the two taxa (Fig. 6 ). Moreover, we found similar topologies between the ML and BI trees.
However, a few inconsistencies were detected in true Herichthys. While in the BI analysis, the most basal node was haplotype 4, shared by H. deppii and H. teporatus, in the ML topology, the most basal node corresponded to haplotype 8, shared by H. tepehua n. sp., H. tamasopoensis, and one specimen of N. panctostictus (possibly a hybrid) (for hybrids N. pantostictus 9 H. carpintis see Supplementary Material 3). Still, a different relationship was found using the Bayesian-coalescence approach (implemented in BEAST), which resulted in H. carpintis as the most basal species in true Herichthys. Despite these inconsistencies, we retrieved highly consistent biogeographic and taxonomic patterns in our phylogenetic and demographic reconstructions. The estimated age for the analyzed ingroup (Herichthys ? Nosferatu new genus) is about 7 Mya (*5 to 11 Mya 95% HPD, Fig. 7 ). This initial divergence was followed by the separation between both genera about 5 Mya (3-8 Mya 95% HPD).
However, despite their ancient origins, intra-diversification processes within both genera were recovered as more recent.
By comparison with true Herichthys, we found high levels of intrageneric divergence and structure within Nosferatu new genus, from which the bartoni clade (conformed by N. bartoni ? N. labridens) was the first group to diverge during the Miocene (*3 Mya, 1.5-4.7 Mya, 95% HPD, Fig. 7 ). However, we also recovered the timing of cladogenetic events within the bartoni clade as very recent (\1 Mya). This recent divergence is evidenced by the low within-species divergence values (0.24 ± 0.1 uncorrected p distances) in N. bartoni, sharing haplotypes with sympatric N. labridens (i.e., haplotype 14, Supplementary Material 4).
We retrieved two additional clades within Nosferatu new genus: the pantostictus and the steindachneri clades. The monophyletic pantostictus clade is composed of one nominal species, H. pantostictus, which has both the widest distribution range and the highest number of haplotypes (5) within the genus. (Table 3 of Supplementary Material 2; Supplementary Materials 4 and 5). Divergence between pantostictus and steindachneri clades occurred shortly after the separation of the bartoni clade (*2 Mya, 1-3 Mya, 95% HPD, Fig. 7 ).
The steindachneri clade is the most morphologically diverse within Nosferatu new genus. It is composed of three nominal species: N. pame, N. pratinus, and N. steindachneri. The clade also exhibited the highest internal levels of differentiation ( Fig. 6 ) (i.e., Dp = *4.5, *4.12, and *2.83%) between N. pratinus and N. bartoni, N. labridens, and N. pantostictus, respectively (Table 5) .
True Herichthys presented a lower ingroup divergence compared to Nosferatu new genus (Dp = 0.75 ± 0.74 vs. 2.01 ± 1.86, respectively, Table 6 ); phylogenetic reconstructions exhibited poor resolution, and no species were recovered as monophyletic (Fig. 6 ). Moreover, we recovered true Herichthys as young in comparison to Nosferatu new genus (*1 Mya, 0.5-2 Mya, 95% HPD, Fig. 7 ). Despite low phylogenetic resolutions, the highest levels of differentiation corresponded to H. deppii, which had the highest levels of divergence with respect to H. carpintis, H. tamasopoensis, and H. cyanoguttatus (Dp = 1.65 ± 1.11, 1.60 ± 0.98, and 1.43 ± 0.86, respectively, Table 7) .
Haplotype distribution exhibited a gradual transition in haplotype frequencies in true Herichthys. H. deppii, and H. tepehua n. sp. shared the least number of haplotypes with the other species (Supplementary Materials 4 and 5). Nonetheless, similarly to Nosferatu new genus, the highest haplotype diversity was found in the Río Pánuco Basin. Evaluation of demographic history within true Herichthys detected a pattern of contraction during the lower Pleistocene (Supplementary Material 6).
Systematic section
The list of nominal species currently included in Herichthys is as follows: In the ''labridens assemblage'' = Nosferatu new genus (De la Maza-Benignos & Lozano-Vilano, 2013), Nosferatu bartoni (Bean, 1892) , N. steindachneri (Jordan & Snyder, 1899) , N. pantostictus (Taylor & Miller, 1983) , N. labridens (Pellegrin, 1903) Kullander (2003) and Eschmeyer (2013)]: H. deppii (Heckel, 1840) , H. carpintis (Jordan & Snyder, 1899) , H. tamasopoensis, ArtigasAzas, 1993, H. cyanoguttatus, Baird & Girard, 1854, and H. minckleyi (Kornfield & Taylor, 1983) .
Nosferatu new genus (Tables 4 and 5 Diagnosis Differs from Herichthys by the following measurements: shallower body (mean 41%, SD 2% vs. mean 45%, SD 2%); shorter dorsal fin base (mean 55%, SD 2% vs. mean 58%, SD 2%), shorter anal fin base (mean 22%, SD 2% vs. mean 24%, SD 2%); shorter dorsal fin origin to anal fin origin (mean 51%, SD 3% vs. 55%, SD 2%); shorter post dorsal fin base to anal fin origin (mean 33%, SD 3% vs. 36%, SD 3%); shorter dorsal fin origin to post anal fin base (mean 61%, SD 3% vs. mean 65%, SD 3%); shorter dorsal fin origin to pectoral fin origin (mean 27%, SD 2% vs. mean 29%, SD 2%); shorter anal fin origin to pelvic fin origin (mean 28%, SD 2% vs. mean 30%, SD 2%), and shorter pelvic fin origin to pectoral fin origin (mean 16%, SD 1% vs. mean 28%, SD 3%), all in SL. Narrower interorbital width (mean 26%, SD 3% vs. mean 29%, SD 3%); longer lower jaw (mean 33%, SD 2% vs. mean 31%, SD 2%); narrower snout (mean 32%, SD 3% vs. mean 35%, SD 3%); narrower width at preorbital (mean 27%, SD 3% vs. mean 31%, SD 3%); shorter pectoral fin base (mean 21%, SD 2% vs. mean 23%, SD 2%); and shorter pelvic fin base (mean 11%, SD 1% vs. mean 13%, SD 2%), all in HL. Depressed dorsal fin rarely expands beyond the anterior third of the caudal fin. An elongated, elastic, smooth caecum (not present in Herichthys) is adhered to a saccular stomach. Genus is distinguished from most other Heroine genera by the following synapomorphies: Breeding pigmentation that consists of darkening of the ventral area, extending over nostrils, opercular series, or pectoral fins. All have red or purple marks in the axil of the pectoral fin, except for N. bartoni. Anterior teeth regularly set, well-spaced, conic, unicuspid, strongly recurved, and pointed, with erect implantation; with transition to prolongation in the size of the symphysial pair of teeth relative to that of the other teeth in the outer row of the upper jaw, reminiscent of those in the vampire Nosferatu (herein = nosferatuform teeth); and a less developed pair in the lower jaw (Figs. 9, 10 ). Posterior teeth small and pointed, none or few posterior rows of diminutive teeth in the upper jaw; teeth in the jaws are conical, recurved, well-spaced, and pointed; frontal anterior row regularly set and lateroposterior anterior row irregularly set, recurved, and pointed (frequently worn in older specimens).
Description Body elongated and slender, depth 36-45% (mean 41%, SD 2%); scales ctenoid. dorsal fin base short 48-60% (mean 55%, SD 2%); anal fin to strongly recurved, differentiated in length in upper and lower jaws: a short symphysial pair of teeth in the lower jaw, whereas an enlarged symphysial pair of fangs on the premaxillae flanked by shorter caniniform teeth on each side; posterior teeth diminutive; few posterior rows or none in upper jaw. Depressed dorsal fin short; point rarely expands beyond anterior third of caudal fin. Robust-walled stomach is saccular rugged with longitudinal folds walls and adhered at its anterodorsal section to an elongated elastic smooth caecum. Etymology Masculine, proper name. The name refers to the pair of well-developed recurved fangs in the upper jaw present in all species of the genus, reminiscent of those in Murnau's vampire Nosferatu.
Geographical distribution Atlantic slope in Veracruz, Hidalgo, Querétaro, and Tamaulipas in the Pánuco-Tamesí River Basin; lagoon systems of San Andrés, including the Río Tigre and Tamiahua system and its tributaries, the Cucharas and Naranjos rivers. Remarks Our morphologic analysis supports Nosferatu as different from Herichthys. Our mitochondrial DNA analysis also recovered Nosferatu as monophyletic, and sister to Herichthys; average Dp = 7.0%, thus separating both genera in evolutionary terms, which is slightly higher than the divergence (5.32%) recovered between Paraneetroplus and Vieja. In the preliminary analysis, we recovered haplotypes from N. molango (1) within the true Herichthys group. We hypothesize that our preliminary finding could correspond to a pattern of recent introgression. The Lago Azteca is remote and isolated, and N. molango is the only native cichlid found therein. Further studies in order to clarify the evolutionary history of N molango using a combination of both nuclear and mitochondrial markers are required. We detected 14 Cox1 haplotypes exclusive to the genus: H5, H6, H7, H12, H13, H14, H18, H19, H20, H21, H22, H23, H24, and H26 (Table 3 of Supplementary Diagnosis Differs from Nosferatu new genus in that the red/purple mark on the axil of the pectoral fin is absent, and depressed dorsal fin reaches past the frontal third of caudal fin (for comparative morphometrics, see Nosferatu new genus in the previous section). Genus is distinguished from most other Heroine genera by the following synapomorphies: Six to seven vertical flank bars bearing a series of dark blotches below the lateral line that make up the principal markings. Breeding pigmentation consists of darkening of posterior half and anterioventral areas that do not extend over the nostrils, opercular series, and pectoral fins. Anterior teeth are closely spaced, spatulate, chisel-like, bicuspid or weakly bicuspid, or a mixture of bicuspid and bluntly pointed conical, with straight curvature, undifferentiated in length in upper and lower jaws (Figs. 9, 10) , except in H. minckleyi.
Description Body depth 40-51% (mean 45%, SD 2%), scales ctenoid. Dorsal fin XIV-XVII (mode XVI, freq 15%) 9-12 (mode 11, freq 15%); anal fin IV-VII (mode VI, freq 19%); 6-10 (mode 8, freq 16%); pectoral rays 13-15 (mode 14, freq 26%). Teeth spatulate, bicuspid or weakly bicuspid, undifferentiated in length in upper and lower jaw. Soft dorsal fin and anal fins pointed extending past the frontal third of the caudal fin.
Geographical distribution Rivers in the Atlantic slope of Mexico and Texas, north of PDM, including Santa Remarks Our phylogenetic reconstructions exhibited poor resolution among species. None of the recognized Herichthys species were recovered as monophyletic. We detected 11 Cox1 haplotypes that were exclusive to the genus: H1, H2, H3, H4, H8, H9, H10, H11, H15, H16, and H17.
South of Sierra de Tantima geomorphological group
Herichthys deppii (Heckel, 1840) . (Tables 6 and 7 of Supplementary Material 2; Figs. 8, 10, 11, and 12) Synonymy Herichthys geddesi (Regan, 1905) and Heros montezumae (Heckel, 1840) .
Holotype Lost (Kullander, 2003; Eschmeyer, 2013 Diagnosis Differs from H. carpintis, H. cyanoguttatus, and H. teporatus in having a longer anal fin base (mean 27%, SD 2% vs. mean 22, 24 and 25%; SD 1, 2, and 1%, respectively) and distance from the anal fin origin to the hypural base (mean 42%, SD 1% vs. mean 36, 38, and 39%; SD 1, 2, and 2%, respectively). Also differs from other Herichthys in the following autapomorphies: ground color brownish with head area sometimes bluish-gray when alive and head marked with conspicuous big round 3-5 mm orange/brown freckles. Dorsal and ventral contour symmetric and convex gives fish an elongated, elliptic appearance. Description Description is based on sexually mature specimens over 63.6 mm SL. Morphometric and meristic data are summarized in Tables 6 and 7 of Supplementary Material 2. Anal fin base 24-31% (mean 27%, SD 2%); anal fin origin-hypural base distance 29-44% (mean 42%, SD 1%). Dorsal fin XVI-XVII (Mode XVII, freq 67%) 9-12 (Mode 11, freq 39%), anal fin VI-VII (Mode VI, freq 72%) 7-10 (Mode 8, freq 44%); dorsal and ventral contour symmetric and convex gives fish an elongated, elliptic appearance. Nuchal hump absent in mature males. Teeth spatulate, chisel-like, bicuspid or weakly bicuspid, undifferentiated in length in upper and lower jaws. Lower pharyngeal plate is stout and broad; two rows of 9-10 unpigmented molars increasing caudally in size flank midline; 20-22 conical, progressively compressed teeth along posterior margin.
Coloration in preservative Light rust-brown; ventral area whitish in some individuals. Fins the same color as body, except paler, with speckles over soft areas of dorsal and anal fins.
Live colors Ground color brown, sometimes splashed with blue-gray over dorsal, caudal, and central areas of the body. Head dotted with conspicuous, big, round 3-5 mm orange/brown freckles that vary in number and size. Freckles extend over gill covers, head, and pectoral fin base. Two to three rows of freckles form a diagonal with the horizontal that Fig. 9 The drawings by Aslam Narváez-Parra depict the anterior teeth of Nosferatu pratinus, N. labridens, N. bartoni, in comparison to Herichthys carpintis extend from the lip fold to the orbit of the eye. Fins the same color as body with small brown streaks or spots on the soft ray regions and the caudal fin; pectoral and pelvic fins opaque.
Geographical distribution Upper Nautla and Misantla Rivers and their tributaries, in the municipalities of Tlapacoyan and Misantla in the state of Veracruz, Mexico.
Habitat and associates Herichthys deppii is found in clear water with current, over sand substrate with big boulders, between rapids of the upper Nautla and Misantla Rivers. It shares habitat with Xiphophorus cf. helleri, Poecilia mexicana, Astyanax mexicanus, Gobiomorus dormitor, Agonostomus monticola, and Awaous tajasica. Little is known of its behavior in the wild. It nests underneath big boulders where it protects itself and its fry from local fishermen that capture them year-round using homemade spears.
Vernacular names Nautla cichlid. Remarks Until the late 1990s, both H. deppii and H. geddesi were treated as incertae sedis with type localities in ''Mexico'' and ''Southern Mexico,'' respectively. In 2005, Miller et al. noted that Stawikowski & Werner (1998) had retrieved the locality of H. deppii as Río Misantla, Veracruz. Kullander (2003) noted that the validity of H. geddesi Regan, 1905 needs further research and its generic allocation was Fig. 10 The drawings by Aslam Narváez-Parra depict the occlusal surface and caudal aspect of the lower pharyngeal plates in Nosferatu bartoni and N. pratinus, and the occlusal surface of the lower pharyngeal plates in Herichthys tamasopoensis, H. carpintis, H. cyanoguttatus, H. tepehua n. sp., and H. deppii between Veracruz and Tampico, Mexico.'' The first step in establishing the identity of H. geddesi was to determine the exact type locality of the syntypes. Former ''Hacienda del Jobo'' is located in the municipality of Tlapacoyan, Veracruz in the Nautla River Basin. The main compound of Hacienda del Jobo or San Joaquín del Jobo is located in the state of Veracruz, ''between the city of Veracruz and Tampico.'' The Hacienda was bought in 1825 by General Guadalupe Victoria (1786-1843), the first President of Mexico, sold by his son in 1857 to Rafael Martínez de la Torre, and sold again to Juan B. Diez, in 1878. Hence, the (6) H. geddesi were collected in the Nautla River System. Regan's account (Regan 1905 (Regan , 1906 (Regan -1908 mentions its brownish color with the principal markings composed of ''7 or 8 cross-bars bearing a series of blackish blotches below the lateral line; vertical fins spotted.'' His description matches almost all species in Herichthys. However, the drawing of H. geddesi shown in Plate III, Fig. 4 , p. 188 of Regan (1906 Regan ( -1908 is almost certainly H. deppii (Fig. 11) , hence in our opinion is synonymous to Heros deppii = Cichlasoma deppii = Herichthys deppi (Heckel, 1840) . Average mitochondrial divergence retrieved between H. deppii and H. carpintis was Dp = 1.65%. We detected 7 Cox1 haplotypes among the specimens surveyed, including haplotypes H1 (*17%), uncommon in H. cyanoguttatus (*6%), H4 (*22%), uncommon in H. teporatus (*6%), H8 (*4%), very common in H. tamasopoensis, H9 (*4%), very common in H. carpintis, and also shared with H. tamasopoensis and H. cyanoguttatus, and H10 (*4%), very common in H. cyanoguttatus and less so in H. carpintis. We also detected haplotypes H2 (3%) and H3 (9%), representing divergent lineages exclusive to the south of Sierra de Tantima geomorphological group (i.e., H. deppii and H. tepehua n. sp.) (Supplementary Materials 5 and 7). (Regan, Pisces, 1906 -1908 Diagnosis Differs from H. deppii in that it has a longer head (mean 37%, SD 2% vs. mean 35%, SD 1%); shorter distance from the anal fin origin to the hypural base (mean 39%, SD 2% vs. 42%, SD 1%), all in SL, a larger eye (mean 26%, SD 3% vs. mean 24%, SD 2%) in HL. Differs from H. carpintis in that it has a longer anal fin origin-hypural base distance (mean 39%, SD 2% vs. mean 38%, SD 2%) in SL; deeper cheeks (mean 32%, SD 4% vs. mean 28%, SD 4%) and longer snout (mean 39%, SD 4% vs. mean 37%, SD 3%) all in HL. Also differs from other Herichthys in the following autapomorphies: Two conspicuous blue/ green parallel markings on the sides of the cheeks extending from the lip fold to the orbit of the eye. Ground color is blue-green. Shares with H. deppii the absence of iridescent spots/pearls on the body.
Description Description is based on sexually mature specimens over 47.5 mm SL of the Río Pantepec. Morphometric and meristic data are summarized in Tables 6 and 7 of Supplementary Material 2. HL 34-40% (mean 37%, SD 2%); anal fin originhypural base 36-42% (mean 39%, SD 2%). Eyes large 21-32% (mean 25%, SD 3%) in HL. Dorsal fin XV-XVII (mode XVI, freq 59%) 10-12 (mode 11, freq 48%). Anal fin IV-VI (mode V, freq 67%) 8-10 (mode 8, freq 44%). Predorsal profile curved; frontal profile concave before the eyes. Teeth spatulate, bicuspid or weakly bicuspid, undifferentiated in length in upper and lower jaw. Lower pharyngeal tooth plate moderately stout and broad, two rows of 10-11 pigmented molars increasing caudally in size and molarization flank midline; 22-24 conic progressively compressed teeth along posterior margin. Stomach is saccular with strong rugged walls (length 22.5% of SL).
Coloration in preservative Color is reddish-brown, darker above the lateral line; ventral area between lower jaw and pelvic fin base darker in some individuals. Six vertical flank bars bearing a series of dark blotches below the lateral line make the principal markings.
Live colors Ground color olive-green with Persianblue/green; dorsal and anal fins same color as body. Dorsal, anal, and caudal fins with teal spots or streaks randomly distributed. Tips of the dorsal fin rays red in some individuals; a conspicuous black blotch over the middle of the dorsal fin may be present in both males and females. Pectoral fins are opaque; pelvic fins bear longitudinal teal streaks over the ventral portion. Some have salmon pigmentation on gill covers. Two conspicuous, distinct blue/green parallel markings on the sides of the cheeks extend from the lip fold to the orbit of the eye.
Breeding pigmentation In the aquarium, ground color changes to pale pink with golden brown markings on the nuchal area. Six vertical dark bars contrast pale frontal half; color between bars and tips of the dorsal rays changes to golden brown. Pelvic fins dark.
Geographical distribution H. tepehua is found in the Tuxpan/Pantepec, Cazones, Tecolutla, Tenixtepec, and the Solteros river systems.
Etymology From the Nahuatl language meaning ''the ones who possess the mountains.'' The name refers to the remaining, as of the 1990 Mexico census, 10,573 members of the indigenous Tepehua ethnic group and their language, spoken in eastern Mexico in the states of Veracruz, Hidalgo, and Puebla.
Allopatric forms Forms of the Cazones, Tenixtepec, Solteros, and Tecolutla basins differ from the Pantepec in having ground color aquamarine, except for Tenixtepec, which is brownish and its ventral area whitish. Dorsal and anal fins are the same color as the body with mint-green color; variegated markings over the spiny sections; and golden yellow or mint-green spots and streaks over the soft rays of the dorsal, anal, and caudal fins. Pectoral fins are opaque; pelvic fins bear longitudinal turquoise dots or streaks. Head is marked with conspicuous variegated wavy, golden yellow patterns, and freckles over the lachrymal, less conspicuous than in H. deppii that extend onto and around the orbit of the eye. Dorsal view of head is solidmedium sea green over the premaxillae. Conspicuous golden yellow markings on the dorsa extend caudally from the interorbital space onto the dorsal fin base. Scales over the flanks, especially along the ventral half are pigmented in the center with light golden yellow spots, fringed by diamond-shaped aquamarine/medium sea green outline, thicker over the dorsal half, giving flanks a reticulate appearance.
Remarks Miller et al. (2005) considered the forms herein described as H. tepehua as an undescribed species. Mitochondrial DNA analysis recovered H. deppii and H. tepehua as paraphyletic, with haplotypes H2 and H3 exclusive to both species. Average Dp = 1.08%, thus separating both species. H. tepehua has become extremely rare and is seldom captured in the Cazones, Tecolutla, and Solteros Rivers. Remaining populations appear to be confined to the most isolated tributaries with turbid water where visibility limits the use of diving masks and homemade spears used by local fishermen. These lineages appear to be critically endangered.
Río Pánuco geomorphological group
Herichthys carpintis (Fowler, 1903) .
( Tables 8 and 9 of Supplementary Material 2; Fig. 8, 9 and 10 Diagnosis Differs from H. cyanoguttatus in that adult males develop nuchal humps; from H. teporatus and H. cyanoguttatus in that it has a longer head (mean 38%, SD 1% vs. mean 35 and 35%, SD 2 and 1%, respectively); longer distance from the rostral tip to the pectoral fin origin (mean 37%, SD 1% vs. mean 35 and 35%, SD 2 and 1%, respectively); shorter snout (mean 37%, SD 3% vs. mean 39 and 40%, SD 3 and 3%, respectively); and larger eyes (mean 26%, SD 2% vs. mean 23 and 22%, SD 1 and 2%, respectively). Also differs from other Herichthys in the following autapomorphy: In live specimens, big [1.5 mm, iridescent, thick pearls giving the fish a beveled appearance.
Description Description is based on sexually mature specimens over 53.4 mm SL. Morphometric and meristic data are summarized in Tables 8 and 9 of Supplementary Material 2. Body depth 40-50% (mean 44%, SD 2%); HL 35-40% (mean 38%, SD 1%); distance from the rostral tip to the pectoral fin origin length 35-40% (mean 37%, SD 1%); snout short 30-43% (mean 37%, SD 3%); eyes large 22-30% (mean 26%, SD 2%). Dorsal fin XV-XVII (mode XVI, freq 90%) 9-12 (mode 10, freq 56%); anal fin IV-VI (mode V, freq 86%) 7-10 (mode 8, freq 81%); pectoral rays 13-15 (mode 14, freq 82%). Pre-dorsal contour high, steep, and flattened at the front, forming a concavity before the eyes. Adult males develop nuchal humps. Teeth spatulate, chisel-like, bicuspid, weakly bicuspid or a mixture of bicuspid and bluntly pointed conical, undifferentiated in length in the upper and lower jaws, implantation erect, curvature straight, neck wide.; teeth in the outer series of the premaxillae (22-28); tooth-rows in the inner series of the premaxillae (4-5); in lower jaw (4-5). One inner row anteriorly and three rows posteriorly in the upper jaw. Lower and upper arcades rounded. Lower pharyngeal tooth plate moderately stout and broad, two rows of 10-12, pigmented in some populations (e.g., Tamiahua), unpigmented in others (e.g., El Salto), enlarged teeth increasing caudally in size and molarization flank midline, 20-23 conic, progressively compressed teeth along posterior margin. Teeth range from enlarged-molariform to conical in some populations (e.g., Tamiahua). In live fish, ground color olive-green with big [1.5 mm iridescent, thick, Persian-green colored pearls that give the fish a beveled appearance. Dorsal and anal fins the same color as the body, splashed with pearls over the dorsal, anal, and frontal third of the caudal fins. Head marked with round and elongate series of 10-12 spots over lachrymal and cheeks that extend from the lip fold onto the orbit of the eye. Dorsal view of head solid olive-green over the premaxillae. Seven inconspicuous bars are visible in non-breeding coloration. Breeding pigmentation is typical of the genus.
Geographic distribution Pánuco River Basin below 1,200 masl, except in the Río Gallinas and its tributaries in Tamasopo; Laguna de Tamiahua and its tributaries in Veracruz; and San Andres Lagoon and its tributaries in Tamaulipas.
Remarks This species was described as Neetroplus carpintis by Jordan & Snyder (1899) from type locality Laguna del Carpintero, Tamaulipas; and a number of very small specimens in the Río Verde near Rascón, San Luis Potosí. Heros laurae was later described by Regan (1908) , from type locality Tampico, hence is Junior synonym of H. carpintis. Heros teporatus was described by Fowler in 1903 from type locality Victoria, on the Victoria River, a tributary of the Río Soto la Marina, Tamps., Mexico. Á lvarez (1970) considered H. carpintis, a subspecies of H. cyanoguttatus, separate from H. cyanoguttatus teporatus and H. cyanoguttatus cyanoguttatus. In 2003, Kullander synonymized Heros teporatus with H. carpintis. Observations of Á lvarez (1970) generally coincide with ours: H. carpintis and H. cyanoguttatus are species too weakly differentiated. Low average Dp = 0.73 and 0.57%, separate H. carpintis from H. teporatus; and H. carpintis from H. cyanoguttatus, respectively. This is in agreement with López-Fernández et al. (2010) . These authors noted the ''zero to none'' 0.1% divergence between Herichthys cyanoguttatus, H. carpintis, and H. tamasopoensis. In our analysis, H. carpintis was the species with the highest haplotype richness within true Herichthys. We detected six Cox1 haplotypes among the specimens surveyed, including haplotypes H9 (*79%), shared with H. cyanoguttatus and H. tamasopoensis; and H10 (*5%), uncommon in H. deppii and very common in H. cyanoguttatus. We also detected haplotypes H11 (*2%) in Tamiahua, H15 (*2%) in Río Guayalejo, H16 (*9%) in the Lower Pánuco, and H17 (*2%) in the Río Guayalejo, representing divergent lineages exclusive to this species (Supplementary Materials 5 and 7).
Herichthys tamasopoensis Artigas-Azas, 1993 (Tables 8 and 9 of Supplementary Material 2; Figs. 8 and 9)
Holotype UMMZ 221577; adult male, 85.5 mm SL ''Las Cascadas'' (99°23 0 47 00 W Long., 21°56 0 47 00 N. Lat.) in the Río Tamasopo, J.M. Artigas-Azas.
Paratypes UMMZ 221829 (6: 72.6-86.9 mm SL), same data as the holotype.
Diagnosis Differs from H. carpintis in that it has a longer caudal peduncle (mean 17%, SD 1% vs. mean 15%, SD 1%), and shorter lower jaw (mean 29%, SD 2% vs. mean 31%, SD 2%). Differs from all other species in Herichthys in the following autapomorphies: Frontal teeth closely set, flattened, truncate, and unicuspid to weakly bicuspid in both jaws; lateral teeth bicuspid. Lower and upper arcades very rounded. Lower pharyngeal tooth plate stout, broad, and rugged; two rows of 10-12 unpigmented, compressed, very small, closely set, molars flank midline, 30-32 compressed teeth along posterior margin. Also differs from other Herichthys in having dorsal profile convex markedly curved between the nuchal area and the first dorsal spine, and in live ground color grayish yellowgreen to olive-green, with body covered with greenish yellow dots *1 mm in diameter.
Description Description is based on sexually mature specimens over 57.25 mm SL. Morphometric and meristic data are summarized in Tables 8 and 9 of Supplementary Material 2. Dorsal fin XV-XI (mode XVI, freq 80%), 9-10 (mode 9, freq 50%); anal fin V (freq 100%), 7-8 (mode 8, freq 80%); pectoral rays 13-14 (mode 14, 50%); scales in the lateral line 28-31(mode 30, freq 60%). Body depth 41-47% (mean 44%, SD 1%). Pre-dorsal contour high, steep, and flattened at the front, convex before the eyes; nuchal hump present in older males. Dorsal contour strongly convex, markedly curved between nuchal area and first dorsal spine. Frontal teeth flattened, closely set, truncate, and unicuspid to weakly bicuspid in both jaws; lateral teeth bicuspid, implantation erect, curvature straight, neck wide, decreasing in size posteriorly. Teeth in the outer series of the premaxillae (18), tooth-rows in the inner series of the premaxillae (5), and lower jaw (6-7). One inner row anteriorly and 5-6 rows posteriorly in the upper jaw. Lower and upper arcades very rounded. Lower pharyngeal tooth plate stout, broad, and rugged; two rows of 10-12 unpigmented, compressed, small, closely set molars flank midline, 30-32 compressed teeth along posterior margin.
Coloration in preservative Preserved specimens are light brown, darker in the head and dorsal area. Fins are the same color as the body, with dorsal, anal fins dotted with lighter spots. Seven inconspicuous vertical flank bars, bearing a series of dark blotches below the lateral line over the caudal, half make up the principal markings.
Live colors Ground color grayish yellow-green to olive-green, darker dorsally; eyes and gill covers purple, body covered with vanilla color dots *1 mm in diameter. Dotting denser over dorsal half, and soft dorsal, anal, and caudal fins; absent on head and chest. Fins opaque. Seven dark blotches over the caudal half below the lateral line make the principal markings (central and caudal more conspicuous).
Breeding pigmentation Typical of the genus, ground color changes to khaki. Five vertical dark flank bars contrast pale frontal half. The purple areas around the gill covers and cheeks, and the salmon pigmented areas of dorsal fin intensify.
Geographic distribution Mainstream and tributaries of the Río Gallinas, upriver from the Tamul Cascade (Artigas-Azas, 1993) .
Habitat and associates Habitat is characterized by hard, clear waters with pH 7.8-8.3, over rock substrate. Shares its habitat with Nosferatu pame, N. steindachneri, Xiphophorus montezumae, Gambusia panuco, and Astyanax mexicanus among other fish species.
Vernacular name Mojarra de Tamasopo, Tamasopo Herichthys.
Remarks Hulsey et al. (2004) and Concheiro-Pérez et al. (2006) recovered H. tamasopoensis as sister to H. carpintis. We recovered a very low Cox1 average divergence (Dp = 0.70%) between H. tamasopoensis and H. carpintis. This is in agreement with López-Fernández et al. (2010) . Nonetheless, our morphologic analysis supports the validity of H. tamasopoensis as a separate parapatric species. We detected two mitochondrial haplotypes among the specimens surveyed, including haplotypes H8 (*89%), uncommon in H. tepehua from the Tenixtepec River, and H9 (*11%), very common in H. carpintis and less so in H. cyanoguttatus.
North of Sierra de Tamaulipas geomorphological group
Herichthys cyanoguttatus Baird & Girard, 1854. ( Tables 8 and 9 of Supplementary Material 2; Figs. 8 and 9)
Synonyms Heros pavonaceus, Garman 1881; Parapetenia cyanostigma (Hernández-Rolón, 1990) .
Syntypes ANSP 9097 (1) Diagnosis Differs from H. teporatus in that it does not develop prominent nuchal humps. Differs from H. carpintis in that it has a shorter head (mean 35%, SD 1% vs. mean 38%, SD 1%) and smaller eyes (mean 22%, SD 2% vs. mean 26%, SD 2%), all in HL; as well as shorter distance from rostral tip to pectoral fin origin (mean 35%, SD 1% vs. mean 37%, SD 1%) in SL. Differs from both H. carpintis and H. teporatus in that it has a longer snout (mean 40%, SD 3% vs. mean 37 and 39%, SD 3 and 3%, respectively). Also differs from other Herichthys in the following autapomorphy: In live fish, small \1 mm iridescent dots cover the flanks.
Description Description is based on sexually mature specimens over 61.7 mm SL. Morphometric and meristic data are summarized in Tables 8 and 9 of Supplementary Material 2. Head short 31-38% (mean 35%, SD 1%); distance from rostral tip to pectoral fin origin short 31-37% (mean 35%, SD 1%); snout long 33-46% (mean 40%, SD 3%); eyes small 18-27% (mean 22%, SD 2%). In live fish, small \1 mm iridescent dots cover the flanks. Dorsal fin XV-XII (mode XVI, freq 60%) 5-12 (mode 11, freq 55%); anal fin IV-VI (mode V, freq 75%) 8-10 (mode 9, freq 63%); pectoral rays 13-15 (mode 14, freq 88%); scales in the lateral line 28-32 (mode 29, freq 38%). Body depth 40-51% (mean 46%, SD 2%). Predorsal contour high, steep, and flattened at front, forming an angular depression before the eyes; nuchal hump absent in large males. Frontal teeth regularly set, decreasing in size posteriorly, spatulate, truncate and weakly bicuspid, implantation erect, curvature straight, neck wide, undifferentiated in length in upper and lower jaws. Teeth in the outer series of premaxillae (24); toothrows in the inner series of the premaxillae (2-3) and lower jaw (4); one inner row anteriorly and 1-2 rows posteriorly in the upper jaw. Lower and upper arcades rounded. Lower pharyngeal tooth plate moderately stout and broad, two rows of 11 pigmented, enlarged teeth increasing caudally in size and molarization flank midline, 24 conical, progressively compressed teeth along posterior margin. Ground color is grayish to asparagus-green with small \1 mm iridescent blue to olive-green dots scattered over body and fins. Dot diameter, density, patterns, and arrangements vary among lineages; from diminutive \0.5, densely and randomly scattered olive-green iridescent dots in the northernmost populations of the Salado-Nadadores and Ocampo sub-basins in Coahuila and Nuevo León, to larger 0.5-1 mm, horizontally aligned iridescent blue dots in the southernmost lineage of the San Fernando River Basin. Head is marked with series of 3-15 diagonal rows of dots over lachrymal and cheeks that extend from the edge of the lip fold onto the orbit of the eye. Dorsal view of the head is solid grayish to asparagus-green over the premaxillae.
Breeding pigmentation Typical of the genus. Six vertical flank bars fuse darkening the entire posterior half of body, contrasting the pale frontal half of the fish.
Geographic distribution Lower Río Grande/Bravo basin in the US and Mexico, excluding the Conchos River in Chihuahua; and the San Fernando River Basin in Nuevo León and Tamaulipas, Mexico.
Habitat and associates H. cyanoguttatus is found sympatric with Centrachid species (Lepomis sspp. and Micropterus salmoides) throughout its distribution range.
Vernacular name Texas cichlid, guapota del río Bravo.
Remarks This species was described as Herichthys cyanoguttatus by Baird & Girard (1854) from type locality Brownsville, Texas, U.S. Heros pavonaceus, syntypes MCZ 24877 (5) and UMMZ 95837 (1) was described by Garman (1881) from a spring in the proximities of Monclova, Coahuila. Confusion always existed with respect to the type locality largely because type material was collected in an area of the Salado-Nadadores River Basin near the Cuatro Cienegas Valley. Meek's (1904) account of H. pavonaceus is very general and matches about any species in Herichthys. Á lvarez (1970) sets the distribution of H. pavonaceus as Coahuila and Nuevo León (in the Salado-Nadadores River Basin). Kullander (2003) considers H. pavonaceous a synonym of H. cyanoguttatus. Our analysis is in agreement with Kullander (2003) . Some specimens within the allopatric San Fernando River lineage have in life different color patterns from H. cyanoguttatus of the Río Grande Basin. The first have distinct, larger blue dots that are aligned in horizontal lines over the flanks. Hernández-Rolón (1990) described Parapetenia cyanostigma from type locality Playa Bruja, Tequesquitengo, Mexico. His description is based on an introduced population of H. cyanoguttatus. Á lvarez (1970) considered H. carpintis and H. teporatus subspecies of H. cyanoguttatus. The observations of Á lvarez (1970) generally coincide with our observations that H. carpintis and H. cyanoguttatus are weakly differentiated species. We recovered a low Cox1 average mitochondrial divergence (Dp = 0.57%) between H. carpintis and H. cyanoguttatus. This is in agreement with López-Fernández et al. (2010) . We detected four mitochondrial haplotypes among the specimens surveyed, including haplotypes H1 (*6%) and H4 (*6%), shared with H. deppii; and H9 (*17%), shared with H. carpintis, H. tamasopoensis, and H. tepehua n. sp., as well as H10 (*72%), shared with H. carpintis and H. tepehua n. sp. (Supplementary Materials 5 and 7).
Herichthys teporatus (Fowler, 1903) ( Tables 8 and 9 of Supplementary Material 2; Fig. 8 )
Holotype ANSP 24242. Diagnosis Differs from H. cyanoguttatus in that adult males develop nuchal humps. Live H. teporatus also differs from H. cyanoguttatus in having irregularly shaped iridescent spots 1-1.5 mm covering the entire body versus iridescent dots \1 mm. Differs from H. carpintis in having shorter heads (mean 35%, Hydrobiologia (2015) 748:201-231 225 SD 2% vs. mean 37%, SD 1%); smaller eyes (mean 23%, SD 1% vs. mean 26%, SD 2%); shorter distance from the rostral tip to the anal fin origin (mean 67%, SD 2% vs. mean 71%, SD 2%); and shorter distance from rostral tip to pectoral fin origin (mean 35%, SD 2% vs. mean 37%, SD 1%). Description Description is based on sexually mature specimens over 63.7 mm SL. Morphometric and meristic data are summarized in Tables 8 and 9 of Supplementary Material 2. Dorsal fin XV-XVI (mode XVI, freq 90%) 10-12 (mode 11, freq 70%); anal fin V-VI (mode VI, freq 50%) 9 (freq 100%); pectoral rays 14 (freq 100%); scales in the lateral line 28-33 (mode 31, freq 30%). Body depth 42-49% (mean 45%, SD 2%). Pre-dorsal contour steep, flattened at the front, forming a depression before the eyes. Adult males develop nuchal humps. Frontal teeth are regularly set, decreasing in size posteriorly, spatulate, truncate and weakly bicuspid, implantation erect, curvature straight, neck wide. Teeth in the outer series of the premaxillae (18); tooth-rows in the inner series of the premaxillae (4) and lower jaw (4); one inner row anteriorly and 3 rows posteriorly in the upper jaw. Lower and upper arcades rounded. Lower pharyngeal tooth plate moderately stout and broad, two rows of 10-12 lightly pigmented, enlarged teeth increasing caudally in size and molarization flank midline, 20 conical, progressively compressed teeth along posterior margin.
Coloration in preservative Olive-brown with six to nine vertical flank bars bearing a series of dark blotches fading out below the lateral line make up the principal markings.
Live colors Ground color is olive-green with a series of horizontal rows of asymmetric turquoise iridescent spots 1-1.5 mm in adults, scattered throughout the entire body. Tip of dorsal fin rays red in some individuals; a conspicuous dark blotch over the middle of the dorsal fin may be present in both males and females. Pectoral fins opaque; pelvic fins have longitudinal blue streaks. Seven inconspicuous bars are visible in non-breeding coloration.
Breeding pigmentation Typical of the genus. Geographic distribution Soto La Marina River Basin, including the Río Blanco in Aramberri, Nuevo León, as well as some of the smaller coastal rivers and creeks of the Villa Aldama Volcanic Complex, including Río Carrizal and Arroyo Tepehuajes in El Panal, Tamaulipas.
Habitat and associates In the Río Blanco and Río Purificación at elevations above 1,000 m, it shares habitat with Xiphophorus xiphidium, whereas in the lower reaches it shares habitat with Poecilia mexicana, Poecilia formosa, and Fundulus sp. nov (under description by one coauthor) among other fish species.
Vernacular name Green Texas cichlid, guapota del Soto la Marina.
Remarks Heros teporatus was described by Fowler (1903) three. We detected two mitochondrial haplotypes among the specimens surveyed, including haplotypes H4 (*17%), shared with H. deppii, and the more common H10 (*80%), very common in H. cyanoguttatus, less so in H. carpintis, and uncommon in H. tepehua n. sp.
Herichthys minckleyi (Kornfield & Taylor, 1983) Remarks Kornfield & Taylor (1983) hypothesized that H. minckleyi appears to be more closely related to the cichlids described herein as Nosferatu new genus, specifically N. labridens, N. bartoni, N. pame, and N. steindachneri than to H. cyanoguttatus on the basis of jaw dentition. Hulsey et al. (2004) recovered H. minckleyi as sister taxa to a clade shared with H. cyanoguttatus, H. carpintis, and H. tamasopoensis.
Discussion
Taxonomic implications
Our molecular and morphologic analysis supports Nosferatu new genus as distinct from true Herichthys. Our results concur with De la Maza-Benignos & Lozano-Vilano's (2013) interpretation of the labridens assemblage = Nosferatu new genus conformed with N. steindachneri (restricted to Río Tamasopo), N. labridens (restricted to Media Luna and its surroundings), N. pratinus (restricted to Río el Salto, above Micos cascades), N. pame (restricted to the Río Tamasopo), the polymorphic N. pantostictus that includes a number of parapatric lotic and lentic forms inhabiting the lower reaches of the Pánuco-Tamesi River Basin and the Tamiahua and San Andres coastal lagoon systems, and N. molango (restricted to Laguna Azteca). This last species could correspond to a phenomenon of secondary contact (Nosil et al. 2009 ) between both genera, as N. molango exhibited mitochondrial DNA affinity to true Herichthys. Furthermore, phylogenetic studies, particularly using nuclear DNA loci, are needed to clarify its taxonomic status.
It has been hypothesized, on the basis of morphological similarities between both species (Kornfield & Taylor, 1983; Artigas-Azas, 2006) , that N. pame and N. steindachneri evolved sympatrically, and it was inferred that these were analogous to the polymorphic H. minckleyi in the Cuatro Ciénegas Basin (Kornfield & Taylor, 1983) . Furthermore, Artigas-Azas (2006) stated on the basis of distributions of the two species that N. pame is found upriver of the waterfalls of Río Tamasopo, whereas N. steindachneri is not, that N. pame is the ancestral species of the two. However, our results suggest both species together with allopatric N. pratinus form a paraphyletic group. This hypothesis is supported by the presence of shared haplotypes between N. steindachneri and N. pratinus and not shared with N. pame, which could be the result of incomplete lineage sorting in the marker used (Nosil & Sandoval, 2008; Takahashi et al., 2001) or secondary contact (Nosil et al., 2009 ) from H. pratinus into the Tamasopo River Basin. This latter hypothesis is supported by lower divergence between allopatric species than between sympatric (average Dp = 0.32 ± 000.15 and Dp = 000.87 ± 000.97, respectively). Our analysis supports that N. labridens and N. bartoni recently diverged from a common ancestor, on the basis of all haplotypes being shared by the two. Further analysis at the phylogenetic level may help resolve their evolutionary history.
None of the species within true Herichthys were recovered as monophyletic. Nonetheless, our analysis supports H. deppii ? H. tepehua n. sp. (i.e., south of the Sierra de Tantima geomorphological group) as distinct from the rest of the genus. This is on the basis of high levels of divergence and the presence of exclusive haplotypes to this group (Supplementary Materials 5 and 7). Our molecular analysis, however, does not support H. tamasopoensis, H. cyanoguttatus, H. teporatus, and H. carpintis as distinct from each other. These species exhibited very low (Dp \ 0.75%) divergence values, and no differences in haplotypes with the more genetically diverse H. carpintis. Our findings concur with those of López-Fernández et al. (2010) , who reported divergence values of *0.1% among the three. Nonetheless, our morphometric analysis exhibited the three species as clearly divergent and diagnosable from H. carpintis ecologically, chromatically, and morphologically.
True Herichthys currently includes seven morphologically distinct diagnosable species: H. deppii (restricted to the Nautla-Misantla River basins) and the allopatric H. tepehua n. sp. (restricted to the Pantepec, Cazones, Tenixtepec, Tecolutla, and Solteros river systems); H. carpintis that includes a number of parapatric lotic and lentic forms inhabiting the Pánuco-Tamesí River Basin, except in the Río Tamasopo, and the Tamiahua and San Andres coastal lagoon systems; H. tamasopoensis (restricted to the Río Tamasopo); H. teporatus restricted to the Río Soto La Marina; H. cyanoguttatus that includes a number of allopatric forms inhabiting the Río San Fernando, the Río Grande, and adjacent rivers in southeast Texas; and the polymorphic H. minckleyi (endemic to the Cuatro Ciénegas Valley).
Biogeographical patterns
Our estimated divergence time across the TMVB at *7 Mya (*5-11 Mya 95% HPD) of the stem group (Herichthys ? Nosferatu) from its sister clade corresponds with the formation of the Chiconquiaco-Palma Sola Massif. The Massif is located between the Gulf of Mexico and the Sierra Madre Oriental (SMO). It is part of the Eastern Alkaline Province (EAP), a volcanic-belt that stretches 2,000 km in NNW-SSE direction from northern Coahuila to Palma Sola, Veracruz, along the GOM coastal plains (Ferrari et al., 2005; Avto et al., 2007) and intersects the TMVB at the ChiconquiacoPalma Sola Massif (6.9-3.2 Mya) in central Veracruz (Vasconcelos-Fernández & Ramírez-Fernández, 2004; Ferrari et al., 2005; Avto et al., 2007) .
Moreover, divergence time estimated for the split between both genera was *5 Mya (3-8 Mya 95% HPD). Our timing coincides with intense volcanism in the Miocene-Pliocene that led to the formation of the sedimentary Río Verde Basin (Planer-Friedrich, 2000) . This is also reflected in other groups with similar divergence times (Ornelas-García et al., 2008) . Sudden subsidence of the graben structure in the basin during the Quaternary created a drain-less depression filled by shallow lakes that were subject to intensive evaporation in a semiarid environment (Planer-Friedrich, 2000) . It was in some of these lakes that Nosferatu new genus diverged into the bartoni (*3Mya), the steindachneri, and the pantostictus clades (*2 Mya).
Regional faulting in the WNW-ESE direction during the course of the Pleisteocene (*1.8 Mya) rejoined the Río Verde with the Río Pánuco, draining most of the lakes, as the Río Verde cut its way through the valley (Planer-Friedrich, 2000; CONAGUA, 2002) , allowing reinvasion of Nosferatu new genus into the Río Pánuco, this time with evolved mechanisms of reproductive isolation that allowed sympatry of the two genera.
In the coastal plains, true Herichthys did not begin speciation until *1 Mya, despite the significant volcanic activity that occurred over the TampicoMisantla Structural Basin during the Miocene-Quaternary Period. Volcanic activity in the area is well represented by the Sierra de Tantima and the Alamo volcanic field (7.6-6.6 Mya); the Tlanchinol flows (7.3-5.7 Ma), Molango (7.4-6.5 Mya) (Ferrari et al., 2005) ; the Huejutla lava fields (7.3-2.87 Mya); the lava fields around Palma Sola (6.9-3.2 Mya) (Avto et al., 2007) ; the Huautla flow (*2.82 Mya); Metlaltoyuca (1.6-1.3 Mya) (Ferrari et al., 2005) ; and the Poza Rica lavas (1.3-1.62 Mya) (Avto et al., 2007) . These events filled paleovalleys and redefined catchment delimitations in the Pánuco, Cazones, Pantepec, Tecolutla, and Solteros river systems. Moreover, there were repeated raising and lowering of sea level during the Pleistocene, which would have allowed ancestral Herichthys to bypass any terrestrial boundary to dispersal (Hulsey et al. 2004) .
North of the Río Pánuco Basin, over the Burgos Structural Basin, the EAP is represented by the CandelaMonclova belt (3.4-1.8 Mya) (Aranda-Gómez et al. 2005) , the Villa Aldama volcanic complex (1.8-0.250 Mya) (Camacho, 1993; Vasconcelos-Fernández & Ramírez-Fernández, 2004; Gary & Sharp, 2006) , and the Plio-quaternary sections of the Sierra de San Carlos-Cruillas and Sierra de Tamaulipas (Demant & Robin, 1975; Bryant et al. 1991) . Similar to the Sierra de Tantima, the Sierra de Tamaulipas has functioned as a biogeographic barrier to the dispersal of N. pantostictus, and consequently to the modern H. carpintis, into the Pantepec and the Soto la Marina basins, respectively.
Climate change in the last 4 million years includes the end of the warm period (5-3 Mya) and significant intensification of Northern Hemisphere glaciations *2.75 Mya (Ravelo et al., 2004) . Higher winter precipitation with significantly cooler and wetter conditions than today prevailed in northern Mexico during the Pleistocene and early Holocene. Quaternary glacial sequences in central Mexico indicated that there were at least five glacial advances in the late Pleistocene and in the Holocene (Metcalfe et al., 2000; Metcalfe, 2006) . We hypothesize that these events devastated cichlid populations north of parallel 24°N and possibly farther South, except for localized refuges with warm springs such as Cuatro Ciénegas. In a recent study, Ř ičan et al., (2012) dated to 5.6 Mya the cladogenetic event that created H. minckleyi. Our demographic history analysis of all the other species of true Herichthys exhibited a contraction during the lower Pleistocene that coincides with some of the glacial advances in North America during that period. These advances would have forced the range contraction of Herichthys (except H. minckleyi, which remained in the warm springs of Cuatro Ciénegas) to the Río Pánuco Basin as the climate deteriorated. In more recent times, around 65,000 years ago, some populations of Herichthys would have expanded once more from the Río Pánuco and reinvaded the rivers to the north.
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